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(57) ABSTRACT

A vehicle control apparatus includes: a clutch controller
configured to switch an operation state of a clutch mecha-
nism from a release state to an engagement state upon
switching of a traveling mode from a motor traveling mode
to an engine traveling mode; and a motor controller config-
ured to control a traveling motor to suppress variation in
torque upon starting of the engine. The clutch controller 1s
configured to control the clutch mechamism to be brought
into the engagement state at a first engaging speed when the
engine 1s started on a condition that a revolution speed of the
motor driving system 1s higher than a revolution threshold,
and to control the clutch mechanism to be brought into the
engagement state at a second engaging speed lower than the
first engaging speed when the engine 1s started on a condi-

tion that the revolution speed 1s lower than the revolution
threshold.
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1
VEHICLE CONTROL APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application claims priority from Japanese
Patent Application No. 2017-250394 filed on Dec. 27, 2017,
the entire contents of which are hereby incorporated by
reference.

BACKGROUND

The technology relates to a vehicle control apparatus
including an engine and a motor.

A hybrid electric vehicle has traveling modes such as an
engine traveling mode that allows for traveling based on an
engine and a motor traveling mode that allows for traveling
based on a traveling motor, for example, as disclosed in
Japanese Unexamined Patent Application Publication No.
2016-98872. When the traveling mode 1s switched from the
motor traveling mode to the engine traveling mode, typi-
cally, an engine 1s started and a clutch mechanism 1s brought
into an engagement state to thereby transmit engine force to
wheels.

SUMMARY

An aspect of the technology provides a vehicle control
apparatus that includes a motor dniving system, a clutch
mechanism, a clutch controller, an engine controller, and a
motor controller. The motor driving system includes a
traveling motor and a wheel coupled to the traveling motor.
The clutch mechanism 1s provided between an engine and
the motor driving system and has an operation state that 1s
switchable between an engagement state and a release state.
The clutch controller 1s configured to switch the operation
state of the clutch mechanism from the release state to the
engagement state upon switching of a traveling mode from
a motor traveling mode to an engine traveling mode. The
motor traveling mode allows for traveling based on the
traveling motor. The engine traveling mode allows ifor
traveling based on the engine. The engine controller 1s
configured to start the engine upon the switching of the
traveling mode from the motor traveling mode to the engine
traveling mode. The motor controller 1s configured to control
the traveling motor to suppress variation 1n torque at time of
the starting of the engine, upon the switching of the traveling
mode from the motor traveling mode to the engine traveling,
mode. The clutch controller 1s configured to control the
clutch mechanism to be brought into the engagement state at
a lirst engaging speed when the engine 1s started on a
condition that a revolution speed of the motor driving
system 1s higher than a revolution threshold, and configured
to control the clutch mechanism to be brought into the
engagement state at a second engaging speed when the
engine 1s started on a condition that the revolution speed of
the motor driving system 1s lower than the revolution
threshold. The second engaging speed 1s lower than the first
engaging speed.

An aspect of the technology provides a vehicle control
apparatus including a motor driving system, a clutch mecha-
nism, and circuitry. The motor driving system includes a
traveling motor and a wheel coupled to the traveling motor.
The clutch mechanism 1s provided between an engine and
the motor driving system and has an operation state that 1s
switchable between an engagement state and a release state.

The circuitry 1s configured to switch the operation state of
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2

the clutch mechanism from the release state to the engage-
ment state upon switching of a traveling mode from a motor
traveling mode to an engine traveling mode. The motor
traveling mode allows for traveling based on the traveling
motor. The engine traveling mode allows for traveling based
on the engine. The circuitry 1s configured to start the engine
upon the switching of the traveling mode from the motor
traveling mode to the engine traveling mode. The circuitry
1s configured to control the traveling motor to suppress
variation in torque at time of the starting of the engine, upon
the switching of the traveling mode from the motor traveling
mode to the engine traveling mode. The circuitry 1s config-
ured to control the clutch mechanism to be brought into the
engagement state at a first engaging speed when the engine
1s started on a condition that a revolution speed of the motor
driving system 1s higher than a revolution threshold. The
circuitry 1s configured to control the clutch mechanism to be
brought into the engagement state at a second engaging
speed when the engine 1s started on a condition that the
revolution speed of the motor driving system 1s lower than
the revolution threshold. The second engaging speed 1s
lower than the first engaging speed.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a diagram 1illustrating an outline of an example
of a hybnd electric vehicle to which a vehicle control
apparatus according to one implementation of the technol-
ogy 1s applied.

FIG. 2 1s a diagram 1illustrating an outline of an example
ol a control system of the vehicle control apparatus.

FIG. 3A1s a diagram 1llustrating an outline of an example
of an operating situation of a power unit 1n an engine
traveling mode.

FIG. 3B 1s a diagram 1llustrating an outline of an example
of an operating situation of the power unit 1n a motor
traveling mode.

FIG. 4 1s a flowchart 1illustrating an example of a proce-
dure to execute a traveling mode switching control.

FIG. 5§ 1s timing charts illustrating an example of a
situation of executing a first switching pattern.

FIG. 6 1s timing charts illustrating an example of a
situation of executing a second switching pattern.

FIG. 7 1s timing charts illustrating an example of a
situation of executing a third switching pattern.

FIG. 8 1s a diagram 1illustrating an outline of an example
of a situation of outputting counter torque.

DETAILED DESCRIPTION

In the following, some example implementations of the
technology are described with reference to the accompany-
ing drawings. Note that the following description 1s directed
to 1llustrative examples of the disclosure and not to be
construed as limiting to the technology. In each of the
drawings referred to 1n the following description, elements
have different scales 1n order to illustrate the respective
clements with sizes recognizable 1n the drawings. Therelore,
factors including, without limitation, the number of each of
the elements, the shape of each of the elements, a size of
each of the elements, a ratio between the elements, and
relative positional relationship between the elements are
illustrative only and not to be construed as limiting to the
technology. Further, elements in the following example
implementations which are not recited 1n a most-generic
independent claim of the disclosure are optional and may be
provided on an as-needed basis. Throughout the present
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specification and the drawings, elements having substan-
tially the same function and configuration are denoted with
the same numerals to avoid any redundant description.

When a traveling mode 1s switched from a motor traveling,
mode to an engine traveling mode, starting of an engine and
engaging of a clutch are often performed at almost the same
timing in order to swiltly perform the switching of the
traveling mode. When the starting of the engine and the
engaging of the clutch are thus performed at almost the same
timing, variation in torque upon the starting of the engine 1s
transmitted to a driving system. This may possibly generate
vibrations in the driving system, which may possibly give an
occupant of a vehicle a feeling of strangeness. It may be
considered to generate regenerative torque 1n the traveling
motor and cancel engine torque with the generatec regen-
erative torque, to thereby suppress generation of vibrations
upon the starting of the engine. It has been difhicult, how-
ever, to suppress the vibrations when the traveling mode 1s
switched due to increasing variation in torque upon the
engaging of the clutch 1 some revolution situations of the
driving system.

It 1s desirable to suppress vibrations upon switching of a
traveling mode from a motor traveling mode to an engine
traveling mode.
|[Power Unit]

FIG. 1 1llustrates an outline of a hybnid electric vehicle 11
to which a vehicle control apparatus 10 according to an
example implementation of the technology 1s applied. Refer-
ring to FIG. 1, a power unit 12 mounted on the hybnd
clectric vehicle 11 may include an engine 13 and a motor
generator 14 both as power sources. In one implementation,
the motor generator 14 may serve as a “traveling motor”. An
intake manifold 15 of the engine 13 may include a plurality
of mjectors 16 that each sprays fuel and a throttle valve 17
that adjusts an 1ntake amount. The motor generator 14 may
be coupled to an inverter 18 which serves as an electric
power converter. A crankshait 19 of the engine 13 may be
coupled to a starter generator 20 that serves as both a
generator and a motor.

The power unit 12 may include a continuously-variable
transmission (CVT) 23. The CV'T 23 may include a primary
pulley 21 and a secondary pulley 22. One end of the primary
pulley 21 may be coupled to the engine 13 via an input
clutch 24 and a torque converter 25. The other end of the
primary pulley 21 may be coupled to the motor generator 14
via a rotor shait 26. The secondary pulley 22 may be coupled
to a wheel output shait 28 via an output clutch 27. The wheel
output shait 28 may be coupled to wheels 30 via a difler-
ential mechanism 29. As described above, the power unit 12
included as part of the vehicle control apparatus 10 may be
provided with a motor drniving system 31 that includes
components such as the motor generator 14, the CVT 23, or
the wheels 30. In other words, the power unit 12 may be
provided with the motor driving system 31 that includes the
motor generator 14 and the wheels 30 coupled to the motor
generator 14.

The mput clutch 24 may be provided between the torque
converter 25 and the primary pulley 21, 1.e., between the
engine 13 and the motor driving system 31. In one imple-
mentation, the mput clutch 24 may serve as a “clutch
mechanism”™. The mput clutch 24 may be, for example, a
friction clutch including an engagement o1l chamber 24a.
The mput clutch 24 may be so controlled as to be 1n an
engagement state by a hydraulic system 54 supplying
hydraulic o1l to the engagement o1l chamber 24a. In contrast,
the input clutch 24 may be so controlled as to be 1n a release
state by the hydraulic system 34 discharging the hydraulic
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4

o1l from the engagement o1l chamber 24a. The hydraulic
system 54 will be described later in greater detail. The
controlling the mput clutch 24 to be brought into the
engagement state may couple the engine 13 and the CV'T 23
to each other, and the controlling the input clutch 24 to be
brought into the release state may decouple the engine 13
and the CV'T 23 from each other.

The torque converter 25 serving as a fluid coupling may
be provided between the engine 13 and the 1mput clutch 24.
The torque converter 25 may nclude a pump 1mpeller 40
and a turbine runner 42. The pump impeller 40 may be
coupled to the crankshaft 19. The turbine runner 42 may face
the pump 1mpeller 40 and be coupled to the turbine shait 41.
The torque converter 25 may include a lock-up clutch 43
built therein. The lock-up clutch 43 may include a clutch
plate 43a. A sectioned apply chamber 44 may be provided
near one surface of the clutch plate 43a, and a sectioned
release chamber 45 may be provided near the other surface
of the clutch plate 43a. The lock-up clutch 43 may be so
controlled as to be brought into an engagement state by the
later-described hydraulic system 34 supplying the hydraulic
o1l to the apply chamber 44 and discharging the hydraulic o1l
from the release chamber 45. In contrast, the lock-up clutch
43 may be so controlled as to be brought into a release state
by the hydraulic system 54 supplying the hydraulic o1l to the
release chamber 45 and discharging the hydraulic o1l from
the apply chamber 44.

The CV'T 23 may include the primary pulley 21 provided
on a primary shaft 51 and the secondary pulley 22 provided
on a secondary shait 52. A sectioned primary oil chamber
21a may be provided in the primary pulley 21, and a
sectioned secondary o1l chamber 22a may be provided 1n the
secondary pulley 22. Further, a drive chain 33 may be
wound around the primary pulley 21 and the secondary
pulley 22. The later-described hydraulic system 54 may
adjust hydraulic pressures in the primary o1l chamber 21qa
and the secondary o1l chamber 22a to thereby vary a size 1n
which the drive chain 53 1s wound. This allows for continu-
ous variation in power transmitted from the primary shait 51
to the secondary shaft 52.

The output clutch 27 may be provided between the
secondary pulley 22 and the wheels 30. The output clutch 27
may 1nclude an engagement oil chamber 27a. The output
clutch 27 may be so controlled as to be brought into an
engagement state by the later-described hydraulic system 54
supplying the hydraulic o1l to the engagement o1l chamber
27a. In contrast, the output clutch 27 may be so controlled
as to be brought into a release state by the hydraulic system
54 discharging the hydraulic o1l from the engagement o1l
chamber 27a. The controlling the output clutch 27 to be
brought into the engagement state may couple the CVT 23
and the wheels 30 to each other, and the controlling the
output clutch 27 to be brought into the release state may
decouple the CVT 23 and the wheels 30 from each other.

The power unit 12 may include the hydraulic system 54
including a component such as an o1l pump, allowing for
controlling of supply of the hydraulic o1l to components
such as the CVT 23, the torque converter 25, the input clutch
24, or the output clutch 27. The hydraulic system 54 may
include a mechanical o1l pump 55 and an electric o1l pump
57. The mechanical oil pump 55 may be driven by means of
components such as the engine 13 or the primary shait 51.
The electric o1l pump 57 may be driven by an electric motor
56. The hydraulic system 54 may also include a valve unit
58, allowing for controlling matters such as where to supply
the hydraulic o1l or a pressure of the hydraulic o1l. The valve
unit 58 may include components such as a solenoid valve or
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an o1l passage. The electric o1l pump 57 may be driven 1n a
situation where a discharge pressure of the mechanical o1l
pump 55 i1s decreased, 1.e., 1 a situation where the hybrid
clectric vehicle 11 travels at a lower vehicle speed 1n a motor
traveling mode which will be described later in greater
detail.

[Control System]

FIG. 2 illustrates an outline of an example of a control
system of the vehicle control apparatus 10. Referring to FIG.
2, the vehicle control apparatus 10 may include various
controllers, allowing for controlling of an operating state of
a unit such as the power unit 12. The various controllers may
include, for example but not limited to, a controller includ-
ing a microcomputer. For example, the vehicle control
apparatus 10 may include an engine controller 60, a trans-
mission controller 61, a motor controller 62, a battery
controller 63, an air conditioning controller 64, and a main
controller 65. The engine controller 60 may control the
engine 13. The transmission controller 61 may control
devices including the mput clutch 24 and the CVT 23. The
motor controller 62 may control the motor generator 14. The
battery controller 63 may control charge and discharge of a
battery 66. The air conditioming controller 64 may control an
air conditioning unmt 67 including an air conditioner, etc. The
main controller 65 may generally control the respective
controllers including the engine controller 60, the transmis-
sion controller 61, the motor controller 62, the battery
controller 63, and the air conditioning controller 64. The
engine controller 60, the transmission controller 61, the
motor controller 62, the battery controller 63, and the air
conditioning controller 64 may be so coupled to one another
as to be able to perform communication mutually and freely
via an in-vehicle network 68. Non-limiting examples of the
in-vehicle network 68 may include a controller area network
(CAN) and a local interconnect network (LIN).

The main controller 65 may supply a control signal to
cach of the controllers, 1.e., to each of the engine controller
60, the transmission controller 61, the motor controller 62,
the battery controller 63, and the air conditioning controller
64 and thereby control the devices including the engine 13,
the motor generator 14, and the CV'T 23 in association. The
main controller 65 may be coupled to a plurality of sensors
including, for example but not limited to, an accelerator
sensor 70, a brake sensor 71, an engine revolution sensor 72,
a motor revolution sensor 73, a primary revolution sensor
74, a secondary revolution sensor 75, a turbine revolution
sensor 76, and a wheel speed sensor 77. The accelerator
sensor 70 may detect an operation situation of an accelerator
pedal. The brake sensor 71 may detect an operation situation
of a brake pedal. The engine revolution sensor 72 may detect
a revolution speed of the engine 13. The motor revolution
sensor 73 may detect a revolution speed of the motor
generator 14. The primary revolution sensor 74 may detect
a revolution speed of the primary shait 51. The secondary
revolution sensor 75 may detect a revolution speed of the
secondary shait 52. The turbine revolution sensor 76 may
detect a revolution speed of the turbine shaft 41. The wheel
speed sensor 77 may detect a wheel speed that 1s a revolution
speed of any of the wheels 30.

The main controller 65 may set a control target for each
of the devices including the engine 13 and the motor
generator 14 on the basis of information supplied from the
various sensors, the various controllers, or any other related
device. Further, the main controller 65 may supply a control
signal based on the set control target to each of the control-
lers including the engine controller 60, the transmission
controller 61, the motor controller 62, the battery controller
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63, and the air conditioning controller 64. Each of the
controllers including the engine controller 60, the transmis-
sion controller 61, the motor controller 62, the battery
controller 63, and the air conditioning controller 64 that has
received the control signal from the main controller 65 may
control each of the devices including the engine 13 and the
motor generator 14. For example, the engine controller 60
may supply a control signal to each device such as the
injector 16 or the throttle valve 17 to thereby control factors
such as engine torque or the number of engine revolutions.
The transmission controller 61 may supply a control signal
to the valve unit 58 that adjusts a pressure of the hydraulic
o1l to thereby control an operating state of the devices such
as the CV'T 23, the 1mput clutch 24, the output clutch 27, or
the torque converter 25. The motor controller 62 may supply
a control signal to the mverter 18 that controls an electric
current of the motor generator 14 to thereby control factors
such as motor torque or the number of motor revolutions. In
one 1implementation, the engine controller 60 may serve as
an “engine controller”. In one 1mplementation, the transmis-
s1on controller 61 may serve as a “clutch controller”. In one
implementation, the motor controller 62 may serve as a
“motor controller™.

[ Traveling Mode]

The hybnd electric vehicle 11 may have two traveling
modes, 1.e., an engine traveling mode and a motor traveling
mode. The engine traveling mode may allow for traveling
based on the engine 13. The motor traveling mode may
allow for traveling based on the motor generator 14. The
main controller 65 may include various operation units such
as an engine traveling mode controller 80, a motor traveling
mode controller 81, or a traveling mode switching unit 82
that are directed to execution of the engine traveling mode
and the motor traveling mode.

When the engine traveling mode 1s executed, the engine
traveling mode controller 80 may supply a control signal to
cach of the controllers including the engine controller 60, the
transmission controller 61, the motor controller 62, and the
battery controller 63 to thereby control each of the operating,
devices, of the power unit 12, including the engine 13. When
the motor traveling mode 1s executed, the motor traveling
mode controller 81 may supply a control signal to each of
the controllers including the engine controller 60, the trans-
mission controller 61, the motor controller 62, and the
battery controller 63 to thereby control each of the operating
devices, of the power unit 12, including the motor generator
14. The traveling mode switching unit 82 may select which
one to execute from the engine traveling mode and the motor
traveling mode and switch the traveling mode to the selected
mode. The traveling mode switching unit 82 may perform
the selection and switching of the traveling mode described
above on the basis of information such as a vehicle traveling
situation or a driving operation situation.

The engine traveling mode may be selected as the trav-
cling mode, for example but not limited to, 1n a case where
requested drive force increases as a result of pressing down
of the accelerator pedal or 1n a case where the hybrid electric
vehicle 11 travels in a higher vehicle speed range. In
contrast, the motor traveling mode may be selected as the
traveling mode, for example but not limited to, in a case
where the requested drive force decreases as a result of
stopping of the pressing down of the accelerator pedal or 1n
a case where the hybnid electric vehicle 11 travels 1n a lower
vehicle speed range. The engine traveling mode may be also
selected 1n a case where the air conditioming unit 67 1s
brought mto operation, which involves driving of a com-
pressor of the air conditioning unit 67 by the engine 13.
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Further, for example but not limited to, 1n a case where a
level of a state of charge (SOC) of the battery 66 1s lower
than a predetermined threshold, or 1n a case where a tem-
perature of the battery 66 1s higher than a predetermined
threshold, the englne travehng mode may be also selected as
the traveling mode 1n view of suppression or stopping of
charge or discharge of the battery 66.

FIG. 3A illustrates an outline of an example of an oper-
ating situation of the power unit 12 1n the engine traveling
mode. FIG. 3B illustrates an outline of an example of the
operating situation of the power unit 12 in the motor
traveling mode. As illustrated in FIG. 3A, in the engine
traveling mode, the mput clutch 24 may be controlled to be
brought into an engagement state, the output clutch 27 may
be controlled to be 1n an engagement state, and the engine
13 may be controlled to be in an operating state, 1.e., a
driving state. This allows for driving of the wheels 30 by
means ol engine power 1n the engine traveling mode. It 1s to
be noted that, 1n one example where the engine traveling
mode 1s executed, the motor generator 14 may be controlled
to be, for example but not limited to, 1n a power running state
or a regeneration state. In another example where the engine
traveling mode 1s executed, the motor generator 14 may be
controlled to be, for example but not limited to, 1 an 1dling
state.

As 1llustrated 1n FIG. 3B, 1 the motor traveling mode, the
input clutch 24 may be controlled to be 1n a release state, the
output clutch 27 may be controlled to be 1n the engagement
state, the engine 13 may be controlled to be 1n a stopped
state, and the motor generator 14 may be controlled to be 1n
an operating state. This allows for driving of the wheels 30
by means ol motor power while maintaining the stopped
state of the engine 13 1n the motor traveling mode. It 1s to
be noted that the term “operating state” of the motor
generator 14 may include the power running state and the
regenerative state of the motor generator 14. The term
“power running state” of the motor generator 14 refers to a
state 1n which a power runming torque for acceleration 1s
generated in the motor generator 14, and the term “regen-
crative state” of the motor generator 14 refers to a state 1n
which a regenerative torque for deceleration 1s generated in
the motor generator 14.
| Traveling Mode Switching Control (Outline)]

A description will be given next of a traveling mode
switching control that switches the traveling mode. As
illustrated 1n FIGS. 3A and 3B, switching of the traveling
mode from the motor traveling mode to the engine traveling,
mode may possibly require starting of the engine 13 and
switching of the operation state of the input clutch 24 to the
engagement state. When the traveling mode 1s switched
from the motor traveling mode to the engine traveling mode,
a control directed to the starting of the engine 13 and a
control directed to engaging of the mput clutch 24 may be
executed at almost the same timing in view of swilt switch-
ing of the traveling mode. On this occasion, the engine
torque that rises upon the starting of the engine 13 may be
transmitted from the input clutch 24 to the motor dniving
system 31 including devices such as the CVT 23. Thus
variation in torque may generate vibrations, which may give
an occupant of the hybnd electric vehicle 11 a feeling of
strangeness. To address this, the vehicle control apparatus 10
may suppress, by means ol the motor torque, the variation in
torque upon the starting of the engine 13, by executing a
torque control of the motor generator 14 upon the starting of
the engine 13.

Regarding the hybrid electric vehicle 11, the following
three example switching patterns may be assumable for
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switching of the traveling mode from the motor traveling
mode to the engine traveling mode. In a first pattern, the
input clutch 24 may be brought into the engagement state
while starting the engine 13 during the traveling of the
hybrid electric vehicle 11 1n the motor traveling mode.
Further, 1 the first pattern, the traveling mode may be
switched to the engine traveling mode while the traveling
state of the hybrid electric vehicle 11 1s maintained. It 1s
assumed that the first switching pattern may be executed, for
example but not limited to, in a situation where the accel-
crator pedal 1s pressed down while the hybnd electric
vehicle 11 1s traveling in the motor traveling mode and the
traveling mode 1s switched to the engine traveling mode.

In a second pattern, the input clutch 24 may be brought
into the engagement state immediately betfore the hybnd
clectric vehicle 11 that has been traveling in the motor
traveling mode 1s stopped. Further, in the second pattern,
alter the stopping of the hybnd electric vehicle 11, the
engine 13 may be started to switch the traveling mode to the
engine traveling mode. It 1s assumed that the second switch-
ing pattern may be executed, for example but not limited to,
in a situation where the hybnd electric vehicle 11 traveling
in the motor traveling mode stops as a result of pressing
down of the brake pedal, and a device such as the air
conditioning unit 67 1s brought into the operating state after
the stopping of the hybrid electric vehicle 11, which causes
the traveling mode to be switched to the engine traveling
mode. It 1s to be noted that, when the hybrid electric vehicle
11 travels 1n the motor traveling mode at a vehicle speed
lower than a predetermined vehicle speed, the input clutch
24 may be switched to the engagement state while the engine
13 1s 1n the stop state, in view ol swilt switching of the
traveling mode. The predetermined vehicle speed may be,
for example but not limited to, 8 km/h. This allows for swait
switching of the traveling mode to the engine traveling mode
merely by starting the engine 13 1 a case where the
switching to the engine traveling mode 1s decided while the
hybrid electric vehicle 11 1s stopped or 1s traveling at a lower
vehicle speed.

In a third pattern, the hybrd electric vehicle 11 traveling
in the motor traveling mode 1s stopped without the input
clutch 24 being brought mto the engagement state. Further,
in the third pattern, after the stopping of the hybrid electric
vehicle 11, the input clutch 24 1s brought into the engage-
ment state while the engine 13 i1s started to cause the
traveling mode to be switched to the engine traveling mode.
It 1s assumed that the third switching pattern may be
executed, for example but not limited to, 1n a situation where
the brake pedal 1s pressed down of the hybrid electric vehicle
11 traveling in the motor traveling mode, for example, on a
road surface covered with 1ce and therefore the wheels 30
are locked. In the situation where the wheels 30 of the hybrid
clectric vehicle 11 traveling 1n the motor traveling mode are
locked, a line pressure of the hydraulic system 54 may be
decreased sharply, which makes 1t more difficult to bring the
input clutch 24 into the engagement state immediately
before the hybrid electric vehicle 11 1s stopped. For
example, as described above, 1n a case where the traveling
mode 1s switched to the engine traveling mode by bringing
a device such as the air conditioning unit 67 into the
operating state aiter the hybrid electric vehicle 11 1s stopped
while the input clutch 24 1s 1n the release state, the traveling
mode may be switched to the engine traveling mode in the
third switching pattern.

[Traveling Mode Switching Control (Flowchart)]

Referring to a flowchart, a description 1s given below of

a control of starting the engine 13, a control of engaging of
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the mput clutch 24, and a control of torque of the motor
generator 14 that accompany the switching of the traveling
mode from the motor traveling mode to the engine traveling
mode. FIG. 4 1s a flowchart illustrating an example of a
procedure to execute the traveling mode switching control.

Referring to FIG. 4, 1 step S10, it may be determined
whether the motor traveling mode 1s being executed. When
the motor traveling mode 1s determined as being executed in
step S10 (Y™ 1n step S10), the flow may proceed to step
S11. In step S11, 1t may be determined whether an engine
start request 1s being made. In other words, 1t may be
determined whether a request for switching of the traveling
mode to the engine traveling mode 1s being made 1n step
S11. Non-limiting examples of a case where the engine start
request 1s determined as being made may include: a case
where the accelerator pedal 1s pressed down and the required
acceleration becomes greater than a predetermined thresh-
old; a case where the compressor of the air conditioning unit
67 1s brought into the operating state; or a case where the
SOC of the battery 66 1s lower than a predetermined
threshold.

When the engine start request 1s determined as being
made 1n step S11 (Y™ 1n step S11), the tlow may proceed
to step S12. In step S12, 1t may be determined whether the
hybrid electric vehicle 11 1s stopped while the mput clutch
24 1s 1n the engagement state. When the hybnd electric
vehicle 11 1s determined as being traveling in step S12 (*N”
in step S12) or when the mput clutch 24 1s determined as
being 1n the engagement state 1n step S12 (“N”” 1n step S12),
the flow may proceed to step S13. In step S13, 1t may be
determined again whether the mput clutch 24 1s i the
release state. A situation where 1t 1s determined that “the
input clutch 24 1s in the release state” i step S13 may
involve the hybnd electric vehicle 11 being traveling, the
engine start request being made, and the mput clutch 24
being in the release state. In other words, the situation where
it 1s determined that “the mput clutch 24 1s 1n the release
state” 1n step S13 may be a situation where 1t 1s required to
switch, in the first switching pattern, the traveling mode
from the motor traveling mode to the engine traveling mode.
In the first switching pattern, the engine 13 may be started
while the hybnd electric vehicle 11 1s traveling, and the
input clutch 24 may be brought mto the engagement state.
When the input clutch 24 1s determined as being in the
release state 1n step S13 (Y™ 1n step S13), the flow may
proceed to step S14. In step S14, the engine 13 may be
started, following which the flow may proceed to step S15.
In step S15, the operation state of the mput clutch 24 may
be switched to the engagement state at a first engaging
speed, Tollowing which the flow may proceed to step S16.
The first engaging speed may be a higher speed. In step S16,
the motor generator 14 may output counter torque that 1s
controlled to be first target torque. It 1s to be noted that the
“counter torque” of the motor generator 14 may be directed
to cancel the engine torque rising upon the starting of the
engine 13.

In contrast, when the input clutch 24 1s determined as
being 1n the engagement state 1n step S13 (“N”” 1n step S13),
the flow may proceed to step S17. In step S17, the engine 13
may be started, following which the flow may proceed to
step S18. In step S18, the motor generator 14 may output the
counter torque. A situation where it 1s determined that “the
input clutch 24 1s in the engagement state” 1 step S13 ma
involve the hybnd electric vehicle 11 being traveling or
being stopped, the engine start request being made, and the
input clutch 24 being in the engagement state. In other
words, the situation where 1t 1s determined that “the input
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clutch 24 1s 1n the engagement state” 1 step S13 may be a
situation where 1t 1s required to switch, i the second
switching pattern, the traveling mode from the motor trav-
cling mode to the engine traveling mode. In the second
switching pattern, the engine 13 may be started while the
hybrid electric vehicle 11 1s stopped and the input clutch 24
1s 1n the engagement state. In this situation, the flow may
proceed to step S17. In step S17, the engine 13 may be
started, following which the tlow may proceed to step S18.
In step S18, the motor generator 14 may output the counter
torque.

Further, a situation where 1t 1s determined that “the hybnd
clectric vehicle 11 1s stopped while the mput clutch 24 1s 1n
the release state” in step S12 may be a situation where 1t 1s
required to switch, in the third switching mode, the traveling
mode from the motor traveling mode to the engine traveling
mode. In the third switching pattern, the engine 13 may be
started while the hybnd electric vehicle 11 1s stopped, and
the mput clutch 24 may be brought into the engagement
state. When 1t 1s determined in step S12 that the hybnd
clectric vehicle 11 1s stopped while the mput clutch 24 1s 1n
the release state (Y™ 1n step S12), the flow may proceed to
step S19. In step S19, the engine 13 may be started,
tollowing which the flow may proceed to step S20. In step
S20, the operation state of the mput clutch 24 may be
switched to the engagement state at a second engaging
speed, following which the flow may proceed to step S21.
The second engaging speed may be a lower speed. In step
S21, the motor generator 14 may output the counter torque
that 1s controlled to be second target torque. It 1s to be noted
that the second engaging speed at which the input clutch 24
1s brought into the engagement state may be lower than the
first engaging speed described above. Further, the second
target torque of the motor generator 14 may be lower than
the first target torque described above.

[Traveling Mode Switching Control (Timing Charts)]

Referring to timing charts, a description 1s given below of
the control of starting the engine 13, the control of engaging
of the input clutch 24, and the control of torque of the motor
generator 14 1n each of the switching patterns. FIG. 5 1s
timing charts illustrating an example of a situation of
executing the first switching pattern. FIG. 6 1s timing charts
illustrating an example of a situation of executing the second
switching pattern. FIG. 7 1s timing charts illustrating an
example of a situation of executing the third switching
pattern. In FIGS. 5 to 7, an ON state of a braking operation
refers to a state where the brake pedal 1s pressed down, and
an ON state of an accelerator operation refers to a state
where the accelerator pedal 1s pressed down. An OFF state
of the braking operation refers to a state where the brake
pedal 1s released, 1.e., not being pressed down, and an OFF
state of the accelerator operation refers to a state where the
accelerator pedal 1s released, 1.e., not being pressed down.
Further, an ON state of the engine start request refers to a
state where the engine start request 1s being made, 1.e., a
state where the switching of the traveling mode to the engine
traveling mode 1s required. An OFF state of the engine start
request refers to a state where the engine start request 1s not
being made, 1.¢., a state where the switching of the traveling
mode to the engine traveling mode 1s not required. It 1s to be
noted that, 1n FIGS. 5 to 7, an engine revolution number Ne,
a primary revolution number Np, and a turbine revolution
number Nt are 1llustrated with a slight difference even 1f two
or all of the foregoing numbers are the same, for the sake of
casier understanding of variation in each revolution number.
The engine revolution number Ne refers to a revolution
speed of the crankshaft 19. The primary revolution number
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Np refers to a revolution speed of the primary shaft 31. The
turbine revolution number Nt refers to a revolution speed of
the turbine shaft 41. A line pressure illustrated 1n FIGS. 5 to
7 refers to a basic hydraulic pressure of the hydraulic o1l
supplied from the o1l pump to the valve unit 58.

|First Switching Pattern]

Referring to FIG. 5, when the accelerator pedal 1s pressed
down as indicated by “al” while the hybrid electric vehicle
11 1s traveling in the motor traveling mode, the requested
drive force may be increased, which may cause the engine
start request to be outputted as 1indicated by “b1”. When the
engme start request 1s outputted, revolution to start the
engine 13, 1.e., cranking may be started as indicated by “c1”,
and the engaging hydraulic pressure of the input clutch 24
may be increased as indicated by “d1”. The engaging
hydraulic pressure of the input clutch 24 refers to a hydraulic
pressure to be applied to the engagement o1l chamber 24a of
the input clutch 24. When the engaging hydraulic pressure of
the input clutch 24 1s to be increased up to a predetermined
target hydraulic pressure P1 as indicated by “d2”, a port of
an unillustrated pressure control valve built in the valve unit
58 may be opened up to a predetermined target open level
X1 as mdicated by “el1”. Further, when the mput clutch 24
1s to be brought into the engagement state in the first
switching pattern, the operation state of the iput clutch 24
may be switched to the engagement state at the first engag-
ing speed that 1s higher than the second engaging speed
which will be described later. In other words, when the input
clutch 24 1s to be brought into the engagement state in the
first switching pattern, the port of the pressure control valve
may be opened up to the target open level X1 in a first
engaging time period T1 that i1s shorter than a second
engaging time period T2 which will be described later.

In accordance with the starting of the engine 13 and the
switching of the operation state of the input clutch 24 to the
engagement state, the engine torque upon the starting of the
engine 13 may be transmitted to the motor driving system
31. Therefore, upon the starting of the engine 13, the
regenerative counter torque controlled to be the first target
torque Tcl may be outputted from the motor generator 14 as
indicated by “11”. In one implementation, the regenerative
counter torque may correspond to “torque”. FIG. 8 1llus-
trates an outline of a situation of outputting the counter
torque. As 1llustrated in FIG. 8, the outputting of counter
torque Tc that 1s the regenerative torque from the motor
generator 14 may allow for cancelling of the engine torque
Te mputted from the engine 13 to the motor driving system
31. This suppresses generation of vibrations attributed to the
variation in torque. It is to be noted that the magnitude of the
counter torque outputted from the motor generator 14 may
be adjusted on the basis of an amount of torque capacity of
the input clutch 24 that increases during the engaging of the
input clutch 24. For example, the magnitude of the counter
torque outputted from the motor generator 14 may be
adjusted on the basis of a factor such as an engaging speed
of the input clutch 24 or a temperature of the hydraulic o1l.

As described above, 1n the first switching pattern that
switches the traveling mode from the motor traveling mode
to the engine traveling mode during the traveling of the
hybrid electric vehicle 11, the mput clutch 24 may be
brought 1nto the engagement state swiltly at the first engag-
ing speed. This brings the mput clutch 24 into the engage-
ment state before the turbine revolution number Nt in
accordance with the engine revolution number Ne rises
greatly. This suppresses an increase 1n the turbine revolution
number Nt attributed to the starting of the engine 13 as
indicated by “c2” in FIG. 5, which suppresses engagement
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shock at the mput clutch 24. Because a component such as
the turbine runner 42 of the torque converter 25 has greater
inertia, the icrease 1n the turbine revolution number Nt may
cause an increase in engagement shock at the input clutch
24. However, suppressing the increase in the turbine revo-
lution number Nt by swiltly bringing the input clutch 24 into
the engagement state suppresses the engagement shock at
the input clutch 24 attributed to the switching of the trav-
cling mode.

[Second Switching Pattern]

Referring to FIG. 6, when the brake pedal 1s pressed down
as mdicated by “al” while the hybrid electric vehicle 11 1s
traveling 1n the motor traveling mode, and the wheel speed,
1.€., the vehicle speed 1s decreased down to a predetermined
vehicle speed V1 as indicated by “b1”, the engaging hydrau-
lic pressure of the input clutch 24 may be increased as
indicated by “c1”. The predetermined vehicle speed V1 may
be, for example but not limited to, 8 km/h. When the
engaging hydraulic pressure of the input clutch 24 1s to be
increased up to the predetermined target hydraulic pressure
P1 as indicated by “c2”, the port of the unillustrated pressure
control valve built in the valve unit 38 may be opened up to
the predetermined target open level X1 as indicated by “d1”.
Further, when the input clutch 24 1s to be brought into the
engagement state in the second switching pattern, the opera-
tion state of the mput clutch 24 may be switched to the
engagement state at a third engaging speed. In other words,
when the mput clutch 24 1s to be brought into the engage-
ment state 1n the second switching pattern, the port of the
pressure control valve may be opened up to the target open
level X1 1n a third engaging time period T3. It 1s to be noted
that the third engaging speed may be lower than the first
engaging speed and higher than the second engaging speed
which will be described later. That 1s, the third engaging
time period T3 may be longer than the first engaging time
period T1 and shorter than the second engaging time period
12 described later.

Thereatfter, when the engine start request 1s outputted as
indicated by “el1” while the vehicle 1s stopped as a result of
bringing a device such as the air conditioning unit 67 into the
operating state, the cranking of the engine 13 may be started
as indicated by “11” and the counter torque may be outputted
from the motor generator 14 as indicated by “gl”. Accord-
ingly, also 1n a case where the traveling mode 1s switched to
the engine traveling mode while the vehicle 1s stopped, the
variation in torque upon the starting of the engine 13 1s
suppressed. This suppresses generation of vibrations attrib-
uted to the variation in torque. It 1s to be noted that the
magnitude of the counter torque outputted from the motor
generator 14 may be adjusted on the basis of the engine
torque that rises upon the starting of the engine 13.

[ Third Switching Pattern]

Referring to FIG. 7, when the brake pedal 1s pressed down
as indicated by “al” while the hybrid electric vehicle 11
travels 1n the motor traveling mode on, for example but not
limited to, a road surface covered with i1ce and the wheels 30
are locked to cause a sharp decrease in wheel speed as
indicated by “b1”, the line pressure may be sharply
decreased as indicated by “c1” in accordance with a
decrease 1n pressure ol the mechanical o1l pump 55. In this
case, it may be more dithicult to bring the input clutch 24 into
the engagement state before the hybrid electric vehicle 11 1s
stopped. Therefore, the hybrnid electric vehicle 11 may be
stopped without bringing the input clutch 24 into the
engagement state as indicated by “d1”.

Thereatfter, when the engine start request 1s outputted as
indicated by “el” while the hybrid electric vehicle 11 1s
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stopped as a result of bringing a device such as the air
conditioning unit 67 1nto the operating state, the cranking of
the engine 13 may be started as indicated by “11” and the
engaging hydraulic pressure of the mput clutch 24 may be
increased as indicated by “d2”. When the engaging hydrau-
lic pressure of the iput clutch 24 1s to be increased up to the
predetermined target hydraulic pressure P1 as indicated by
“d3”, the port of the unillustrated pressure control valve built
in the valve unit 58 may be opened up to the predetermined
target open level X1 as indicated by “gl1”. Further, when the
input clutch 24 1s to be brought into the engagement state 1n
the third switching pattern, the operation state of the input
clutch 24 may be switched to the engagement state at the
second engaging speed that 1s lower than the first engaging
speed described above. In other words, when the input
clutch 24 1s to be brought into the engagement state in the
third switching pattern, the port of the pressure control valve
may be opened up to the target open level X1 1n the second
engaging time period T2 that 1s longer than the first engaging
time period T1 described above.

As described above, 1n the third switching pattern that
stops the hybrid electric vehicle 11 traveling in the motor
traveling mode without bringing the input clutch 24 into the
engagement state, and brings the mput clutch 24 into the
engagement state while starting the engine 13 after the
stopping of the hybrid electric vehicle 11, the input clutch 24
may be brought into the engagement state more slowly at the
second engaging speed. This allows for a moderate increase
in torque capacity of the mput clutch 24, which avoids
abrupt transmission of the engine torque to the motor driving
system 31. In other words, the variation in torque of the
motor driving system 31 1s suppressed, which suppresses
generation of vibrations attributed to the variation 1n torque.

Further, upon the starting of the engine 13, the counter
torque that 1s controlled to be the second target torque Tc2
lower than the first target torque Tcl may be outputted from
the motor generator 14 as indicated by “h1”. That 1s,
suppressing of the variation 1n torque of the motor driving
system 31 as a result of the slower engagement of the input
clutch 24 suppresses the counter torque of the motor gen-
crator 14 to be lower. It 1s to be noted that the counter torque
of the motor generator 14 may be controlled to be substan-
tially zero i1t the variation 1n torque 1s allowed to be
suppressed sufliciently by controlling the engaging of the
iput clutch 24.

[Summary of First Switching Pattern and Third Switching
Pattern |

Referring to FIG. 5, the engine 13 may be started 1n the
first switching pattern 1n a situation where the primary
revolution number Np which 1s the revolution speed of the
motor driving system 31 1s greater than the predetermined
revolution threshold N1. In a case where the engine 13 1s
thus started on the condition that the primary revolution
number Np 1s greater than the predetermined revolution
threshold N1, the mnput clutch 24 may be controlled to be
brought into the engagement state at the first engaging
speed. That 1s, referring to FIG. 5, the situation where the
primary revolution number Np 1s greater than the revolution
threshold N1 may be a situation where a part on the output
side of the mput clutch 24 revolves and where the starting of
the engine 13 reduces a diflerence in revolution speed
between a part on the mput side of the mput clutch 24 and
the part on the output side of the input clutch 24. In this case,
the engaging of the mput clutch 24 may make it more
difficult for the torque of the motor driving system 31 to vary
sharply. Therefore, the traveling mode may be switched
swiftly from the motor traveling mode to the engine trav-
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cling mode by swiltly bringing the input clutch 24 into the
engagement state at the first engaging speed.

In contrast, referring to FIG. 7, the engine 13 may be
started 1n the third switching pattern in a situation where the
primary revolution number Np which 1s the revolution speed
of the motor driving system 31 i1s smaller than the prede-
termined revolution threshold N1. In a case where the engine
13 1s thus started on the condition that the primary revolution
number Np 1s smaller than the predetermined revolution
threshold N1, the mput clutch 24 may be controlled to be
brought into the engagement state at the second engaging
speed that 1s lower than the first engaging speed. That 1s,
referring to FIG. 7, the situation where the primary revolu-
tion number Np 1s smaller than the revolution threshold N1
may be a situation where the part on the output side of the
input clutch 24 1s almost stopped and where the starting of
the engine 13 increases the difference 1n revolution speed
between the part on the mput side of the input clutch 24 and
the part on the output side of the input clutch 24. In this case,
the engaging of the mput clutch 24 may make it easier for
the torque of the motor driving system 31 to vary sharply.
Therefore, the varnation in torque of the motor driving
system 31 may be suppressed by bringing the mnput clutch 24
into the engagement state more slowly at the second engag-
ing speed. This suppresses vibrations at the time of the
switching of the traveling mode.

Moreover, referring to FIG. 7, 1n the case where the input
clutch 24 1s brought into the engagement state more slowly,
the variation in torque of the motor driving system 31 may
be suppressed. This suppresses the counter torque of the
motor generator 14 or control the counter torque of the
motor generator 14 to be substantially zero. Thus reducing
the counter torque ol the motor generator 14 suppresses
variation 1n torque as a result of the counter torque. There-
fore, the vibrations at the time of the switching of the
traveling mode 1s also suppressed from this point of view.
Moreover, the switching of the traveling mode as a result of
bringing a device such as the air conditioning unit 67 into the
operating state may be unintended by an occupant of the
hybrid electric vehicle 11. Therefore, the generation of
vibrations accompanying the switching of the traveling
mode can be a factor that greatly gives the occupant of the
hybrid electric vehicle 11 a feeling of strangeness; however,
it 1s possible to avoid such generation of vibrations.

In the examples 1llustrated in FIGS. 5§ and 7, the revolu-
tion threshold N1 that 1s a reference of comparison with the
primary revolution number Np 1s set around O (zero) [rpm)].
That 1s, 1n a case where the primary revolution number Np
1s greater than the revolution threshold N1 and the motor
driving system 31 1s determined as revolving, the put
clutch 24 may be brought into the engagement state at the
first engaging speed and the counter torque may be con-
trolled to be the first target torque Tcl. In contrast, 1n a case
where the primary revolution number Np 1s smaller than the
revolution threshold N1 and the motor driving system 31 1s
determined as being almost stopped, the input clutch 24 may
be brought into the engagement state at the second engaging
speed and the counter torque may be controlled to be the
second target torque Tc2. However, the examples illustrated
in FIGS. 5 and 7 are non-limiting and the revolution
threshold N1 may be set to any value. For example, the
revolution threshold N1 may be set to a value smaller than
those set 1n the examples 1llustrated 1n FIGS. 5 and 7, and
may be set to a value greater than those set 1n the examples
illustrated in FIGS. § and 7.

For example, on a condition that the revolution threshold
N1 1s set to a value smaller than those set 1n the examples
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illustrated 1n FIGS. 5 and 7, the input clutch 24 may be
brought into the engagement state at the first engaging speed
and the counter torque may be controlled to be the first target
torque Icl, 1n a case where the primary revolution number
Np 1s greater than the revolution threshold N1 and the motor
driving system 31 1s determined as revolving. In contrast,
the mput clutch 24 may be brought into the engagement state
at the second engaging speed and the counter torque may be
controlled to be the second target torque Tc2, 1n a case where
the primary revolution number Np i1s smaller than the
revolution threshold N1 and the motor driving system 31 1s
determined as being almost stopped on the foregoing con-
dition.

Further, for example, on a condition that the revolution
threshold N1 1s set to a value greater than those set in the
examples 1llustrated in FIGS. 5 and 7, the mput clutch 24
may be brought into the engagement state at the first
engaging speed and the counter torque may be controlled to
be the first target torque Tcl, 1n a case where the primary
revolution number Np 1s greater than the revolution thresh-
old N1 and the motor driving system 31 1s determined as
revolving at a higher speed. In contrast, the input clutch 24
may be brought into the engagement state at the second
engaging speed and the counter torque may be controlled to
be the second target torque Tc2, 1n a case where the primary
revolution number Np 1s smaller than the revolution thresh-
old N1 and the motor driving system 31 1s determined as
revolving at a lower speed.

It 15 to be noted that, 1n the above-described examples, the
primary revolution number Np may be set as the revolution
speed of the motor driving system 31; however, the primary
revolution number Np 1s not limited thererto and may be a
revolution speed of any component of the motor driving
system 31. For example, the engaging speed of the input
clutch 24, the target torque of the counter torque, etc. at the
time of switching of the traveling mode may be varied on the
basis of a revolution speed such as the revolution speed of
the motor generator 14, the revolution speed of the second-
ary shatt 52, or the revolution speed of the wheel 30.

Although some implementations of the technology have
been described 1n the foregoing by way of example with
reference to the accompanying drawings, the technology 1s
by no means limited to the example implementations
described above. It should be appreciated that modifications
and alterations may be made by persons skilled in the art
without departing from the scope as defined by the appended
claims. The technology 1s mtended to include such modifi-
cations and alterations in so far as they fall within the scope
of the appended claims or the equivalents thereof.

For example, the hybnd electric vehicle 11 to which the
vehicle control apparatus 10 according to an example imple-
mentation of the technology 1s applied 1s not limited to the
hybrid electric vehicle 11 having the configuration 1illus-
trated 1n the accompanying drawings, and may have any
configuration as long as the hybrid electric vehicle 11
includes the engine 13 and the traveling motor. Moreover,
for example, the mput clutch 24 may include a hydraulic
clutch 1n the example implementation described above;
however, this 1s non-limiting. In another example 1mple-
mentation, the mput clutch 24 may include an electromag-
netic clutch. Moreover, for example, the torque converter 25
may be provided between the engine 13 and the input clutch
24 1n the example configuration 1n the accompanying draw-
ing; however, this 1s non-limiting. In another example imple-
mentation, the torque converter 25 may not be provided
between the engine 13 and the input clutch 24.
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According to one implementation of the technology, a
clutch mechanism may be controlled to be brought into an
engagement state at a second engaging speed that 1s lower
than a first engaging speed 1n a case where an engine 1s
started on a condition that a revolution speed of a motor
driving system 1s lower than a revolution threshold. As a
result, 1t 1s possible to suppress vibrations at the time of
switching of a traveling mode from a motor traveling mode
to an engine traveling mode.

Each of the engine controller 60, the transmission con-
troller 61, the motor controller 62, the battery controller 63,
the air conditioning controller 64, the main controller 63, the
engine traveling mode controller 80, and the traveling mode
switching unit 82 illustrated 1n FIG. 2 1s implementable by
circuitry including at least one semiconductor integrated
circuit such as at least one processor (e.g., a central pro-
cessing umt (CPU)), at least one application specific inte-
grated circuit (ASIC), and/or at least one field programmable
gate array (FPGA). At least one processor 1s configurable, by
reading nstructions from at least one machine readable
non-transitory tangible medium, to perform all or a part of
functions of each of the engine controller 60, the transmis-
sion controller 61, the motor controller 62, the battery
controller 63, the air conditioning controller 64, the main
controller 65, the engine traveling mode controller 80, and
the traveling mode switching unit 82 illustrated in FIG. 2.
Such a medium may take many forms, including, but not
limited to, any type of magnetic medium such as a hard disk,
any type of optical medium such as a CD and a DVD, any
type of semiconductor memory (1.e., semiconductor circuit)
such as a volatile memory and a non-volatile memory. The
volatile memory may include a DRAM and a SRAM, and
the nonvolatile memory may include a ROM and a
NVRAM. The ASIC 1s an integrated circuit (IC) customized
to perform, and the FPGA 1s an integrated circuit designed
to be configured after manufacturing in order to perform, all
or a part of the functions of each of the engine controller 60,
the transmission controller 61, the motor controller 62, the
battery controller 63, the air conditioning controller 64, the
main controller 65, the engine traveling mode controller 80,

and the traveling mode switching unit 82 illustrated 1n FIG.
2.

The mnvention claimed 1s:

1. A vehicle control apparatus comprising:

a motor driving system 1ncluding a traveling motor and a
wheel coupled to the traveling motor;

a clutch mechanism provided between an engine and the
motor driving system, the clutch mechanism having an
operation state that 1s switchable between an engage-
ment state and a release state:

a clutch controller configured to switch the operation state
of the clutch mechanism from the release state to the
engagement state:

an engine controller configured to start the engine upon
the switching of a traveling mode from a motor trav-
cling mode to an engine traveling mode, the motor
traveling mode allowing for traveling based on the
traveling motor, the engine traveling mode allowing for
traveling based on the engine;

a motor controller configured to control the traveling
motor to output a counter torque at a time of the starting
of the engine upon the switching of the traveling mode
from the motor traveling mode to the engine traveling
mode; and

a hydraulic system configured to control supply of a
hydraulic o1l to the clutch mechamism, the hydraulic
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system comprising a mechanical o1l pump configured
to be driven by the engine or the traveling motor,

wherein when the engine is started on a condition that 1)

the clutch mechanism 1s 1n the release state and 2) a
revolution speed of the motor driving system 1s higher
than a revolution threshold, the clutch controller
switches the operation state of the clutch mechanism
from the release state to the engagement state at a first
engaging speed and the motor controller controls the
traveling motor to output a first counter torque, and

wherein, when the engine 1s started on a condition that 1)

the clutch mechanism 1s 1n the release state, 2) the
revolution speed of the motor dniving system 1s lower
than the revolution threshold, and 3) a line pressure of
the hydraulic system 1s lower than a first pressure for
engaging the clutch mechanism, the clutch controller
switches the operation state of the clutch mechanism
from the release state to the engagement state at a
second engaging speed and the motor controller con-
trols the traveling motor to output a second counter
torque such that a period of time for switching the
operation state of the clutch mechanism from the
release state to the engagement state at the second
engaging speed 1s longer than a period of time for
recovering the line pressure of the hydraulic system
above the first pressure.

2. The vehicle control apparatus according to claim 1,
wherein

the condition that the revolution speed of the motor

driving system 1s higher than the revolution threshold
comprises a condition that the motor driving system
revolves, and

the condition that the revolution speed of the motor

driving system 1s lower than the revolution threshold
comprises a condition that the motor driving system 1s
stopped.

3. The vehicle control apparatus according to claim 2,
turther comprising a torque converter provided between the
engine and the clutch mechanism.

4. The vehicle control apparatus according to claim 1,
turther comprising a torque converter provided between the
engine and the clutch mechanism.

5. A vehicle control apparatus comprising:

a motor driving system including a traveling motor and a

wheel coupled to the traveling motor;
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a clutch mechanism provided between an engine and the

motor driving system and has an operation state that 1s
switchable between an engagement state and a release
state;

a hydraulic system configured to control supply of a

hydraulic o1l to the clutch mechamism, the hydraulic
system comprising a mechanical o1l pump configured
to be driven by the engine or the traveling motor; and

circuitry configured to:

switch the operation state of the clutch mechanism
from the release state to the engagement state;

start the engine upon the switching of a traveling mode
from a motor traveling mode to an engine traveling
mode, the motor traveling mode allowing for trav-
cling based on the traveling motor, the engine trav-
cling mode allowing for traveling based on the
engine; and

control the traveling motor to output a counter torque at
a time of the starting of the engine upon the switch-
ing of the traveling mode from the motor traveling
mode to the engine traveling mode,

wherein, when the engine 1s started on a condition that 1)

the clutch mechanism 1s 1n the release state and 2) a
revolution speed of the motor driving system 1s higher
than a revolution threshold, the circuitry 1s configured
to switch the operation state of the clutch mechanism
from the release state to the engagement state at a first
engaging speed and controls the torque of the traveling
motor to output a first counter torque, and

wherein, when the engine 1s started on a condition that 1)

the clutch mechanism 1s 1n the release state, 2) the
revolution speed of the motor driving system 1s lower
than the revolution threshold, and 3) a line pressure of
the hydraulic system 1s lower than a first pressure for
engaging the clutch mechanism, the circuitry switches
the operation state of the clutch mechanism from the
release state to the engagement state at a second
engaging speed and controls the traveling motor to
output a second counter torque such that a period of
time for switching the operation state of the clutch
mechanism from the release state to the engagement
state at the second engaging speed 1s longer than a
period of time for recovering the line pressure of the
hydraulic system above the first pressure.
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